The prevalence of resistance to high levels of gentamicin among 182 isolates of Enterococcus faecalis from 2 Iranian hospitals was 42%. Gentamicin resistance was associated with conjugative plasmids (>70 kb) in most strains. Fingerprinting using EcoRI and HindIII showed genetic variation among these plasmids and gave evidence of nosocomial outbreaks and persistence of infection in different wards of the study hospitals, as well as transfer of plasmids between genetically diverse isolates. Using EcoRI, hospital-based specific plasmid fingerprints were detected for the isolates that had previously proved to be unrelated by multilocus enzyme electrophoresis, suggesting the persistence of related plasmids at each hospital, though minor changes in these related plasmids could be detected with HindIII.
Enterococcus faecalis is increasingly implicated as an important cause of nosocomial infections, particularly in surgical intensive care units. Aminoglycosides, particularly gentamicin, given in combination with cell-wall-active agents are standard therapy for the treatment of serious enterococcal infections. The emergence of high-level gentamicin-resistant (HLGR) strains of enterococci reduces the effectiveness of such combination therapy. Moreover, HLGR strains producing cytolysin (hemolytic cytolysin) are associated with a 5-fold increased risk of death in cases of bacteremia (Huycke et al. 1991) . In both E. faecalis and Enterococcus faecium, aminoglycoside-modifying enzymes are responsible for HLGR, especially the bifunctional AAC(6′)-APH(2′ ′) enzyme, the genes encoding them usually being carried by plasmids or transposons. Such plasmids may be pheromone-responsive, thereby facilitating high-frequency conjugative transfer between the donor and recipient enterococcal cells, and they may carry other cotransferable antibiotic resistance markers or virulence determinants (Schwarz et al. 2001; Wirth 2000; Ma et al. 1998; Shiojima et al. 1997) .
No information is available on HLGR strains of E. faecalis in Iran or on the role of plasmids encoding this resistance. We previously used multilocus enzyme electrophoresis (MEE) to study the population genetics of E. faecalis in Iran and showed that the Iranian population of this species is not clonal (Feizabadi et al. 2003) . We also identified a considerable number of isolates that were highly resistant to aminoglycosides, which suggested the possible existence of successful HLGR strains. The reason for rapid dissemination of resistance genes to distinct strains of enterococci in Iran and the possible role of plasmids in this phenomenon have not been investigated before. In the pres-ent study, we applied plasmid profile analysis and used the technique as an epidemiological marker on the strains that were previously characterized by MEE. The possible role of these plasmids in resistance to aminoglycosides was also investigated.
One hundred and eighty-two isolates of E. faecalis recovered from patients at 2 teaching hospitals in Tehran during 2000 to 2002 were included in this study. These isolates represented nearly 50% of all enteroocci recovered from the patients during the study. The majority of isolates (90%) had been cultured from urine, but isolates recovered from blood (n = 6), ascite fluid, eye, sternum, trachea, and wound were also included. E. faecalis ATCC 29212 and a Danish isolate with an HLGR phenotype (kindly provided by Frank Aarestrup) were used as controls, and E. faecalis JH2-2 was used as the recipient in conjugation experiments. All isolates were identified to species level using standard bacteriological methods (Manero and Blanch 1999) , and the results were confirmed by PCR (Feizabadi et al. 2003) . Isolates with HLGR phenotype were recognized using disks containing 120 µg gentamicin (Antalek et al. 1995) and were confirmed by the macro-broth dilution method (Barisic and PundaPolic 2000) . The concentrations of gentamicin for macrobroth dilution assay were 500, 1024, and 2000 µg/mL. The criterion to define an isolate as HLGR in this study was a minimal inhibitory concentration (MIC) >500 µg/mL. All HLGR strains from Iran were resistant to concentration >2000 µg/mL.
To detect whether HLGR strains harbored plasmids, plasmid DNA was extracted from them (Woodford et al. 1993 ) and digested with EcoRI and HindIII. In practice, the cells were grown overnight on blood agar. A rice-grain-sized pellet of bacterial growth was suspended in 100 µL of suspension buffer (25% sucrose in Tris-EDTA buffer) plus 10 mg lysozyme/mL and incubated at 37°C for 30 min. The cells were lysed by the addition of 200 µL of alkaline sodium dodecyl sulfate (0.2 mol/L NaOH, 1% SDS) and then the addition of 150 µL of 3 mol/L potassium acetate (pH = 4.8); the samples were left on ice for 20 min and then centrifuged for 5 min, and the supernatant was decanted into a fresh tube. An equal volume of phenol-chloroform-isoamyl alcohol (25:24:1) was added, and samples were again spun for 5 min in a microcentrifuge. The DNA from 200 µL of the supernatant was precipitated with 2 volumes of cold ethanol at room temperature for 2 min and harvested by centrifugation for 5 min. The DNA pellets were dried at 37°C for 1-2 h and suspended in distilled water. Plasmid DNA was digested overnight with 40 U of restriction endonuclease (Roche Diagnostics GmbH, Mannheim, Germany). Electrophoresis of the samples was carried out through 1% agarose gels at 40 V overnight. The electrophoresis buffer was 0.5× Tris-borate-EDTA (TBE) (1× TBE is 89 mmol/L Tris, 89 mmol/L borate, and 2 mmol/L EDTA, pH 8.0).
Twenty Iranian HLGR isolates containing plasmids were then used as donors in conjugation experiments with the susceptible JH2-2 strain in a donor:recipient ratio of 1:10 (Ma et al. 1998) . Isolates selected for conjugation belonged to genetically distinct groups based on the results of MEE analysis (Feizabadi et al. 2003) or different date of isolation.
The prevalence of HLGR among isolates of E. faecalis collected from the study hospital during the period was 42%.
This rate is higher than figures from Germany (Reinert et al. 1999) but is similar to rates reported from Eastern Europe, Greece, and Turkey (Barisic and Punda-Polic 2000; Schouten et al. 2000; Tsakris et al. 1997) . The rate of HLGR isolates of E. faecium during the same period in the study hospitals was 63%. Importantly, we identified a marked increase in the prevalence of HLGR strains of E. faecalis in Tehran between 2000 (34.8%) and 2002 (52.69%). Over 90% of the HLGR isolates harbored a single large plasmid; the remaining isolates of HLGR (10%) carried no detectable plasmids. All isolates used in this study were susceptible to vancomycin. In broth mating experiments, 6 of the 20 selected donor strains exhibited a clumping response when they were mixed with JH2-2 recipient cells, indicating a likely role for pheromone-responsive plasmids in the transmission of HLGR. Consistent with this observation, gentamicin resistance was transferred from Iranian strains at high frequency (1 transconjugant per 10 donor cells) in association with a plasmid of >70 kb. Plasmids from HLGR strains could be cured at frequencies ranging from 8% to 18% by growing the isolates at 45°C as described by Jacob and Hobbs (1974) . The genes encoding resistance to high-level concentrations of gentamicin in plasmid-free isolates with HLGR phenotype were probably chromosomal. The resistance patterns of such isolates were not changed after curing.
To investigate possible outbreaks of infection caused by HLGR strains and circulation of certain plasmids, we performed plasmid fingerprinting with EcoRI and HindIII endonucleases, which produced nearly 12 and 25 fragments, respectively. Both enzymes were able to differentiate particular isolates, but the patterns produced by EcoRI were specific to each hospital (Fig. 1) . These hospital-specific patterns suggested the persistence of related plasmids at the individual hospitals. Examples were isolates 28SH, 31SH, and 59SH, which were recovered from patients of different wards at the Shariati hospital (Table 1 ) and contained plasmids that were identical or closely related (differences in ≤3 DNA banding patterns) by EcoRI. Minor genetic changes in these plasmids were detected with HindIII. Despite these polymorphisms, plasmids with identical digestion patterns were found in isolates from different wards of the same hospitals. For example, 4 isolates recovered from 2 outpatients (283L and 286L) and patients on different wards (284L and 285L) produced identical fingerprints with both endonucleases (Table 1) . Since the date of bacterial isolation was very close in all cases, an outpatient may have been the source of the outbreak at that time. The remaining isolates from outpatients were differentiated by both endonucleases.
Since there is a correlation between the virulence factors and mortality in HLGR strains, the production of the virulence factors cytolysin and gelatinase was investigated as described by Eaton (Eaton and Gasson 2001) . Over one-third (36.6%) of the HLGR isolates in this study showed betahemolysis on blood agar enriched with 5% human blood, and 7.7% of the isolates produced gelatinase. HLGR plasmids from the beta-hemolytic isolates were related but were distinct from those in other HLGR strains (data not shown). Previously, MEE analysis showed that these betahemolytic isolates belonged to different electrophoretic types (Feizabadi et al. 2003) . Taken together, the results imply transmission of plasmids containing both virulence fac-tors and HLGR genes between genetically diverse isolates of E. faecalis. In conjugation studies, we observed cotransfer of cytolysin and HLGR genes from our Iranian strains, as has been reported from other countries (Casetta et al. 1998) .
In summary, our study found that plasmids are common among the HLGR strains at Tehran hospitals. Importantly, if isolates recovered from outpatients are excluded from the study, plasmid fingerprints produced by EcoRI showed that certain plasmids are circulating among the isolates of each hospital. Therefore, it appears that fingerprinting of enterococcal plasmids with EcoRI can discover the epidemiological relations between the isolates and trace the hospitals where these plasmids persist and circulate. In this regard, plasmid fingerprinting looks to be a complementary technique to MEE and other DNA-based typing methods when isolates of enterococci are analyzed for epidemiology. The 2 latter techniques are more sensitive and may not be able to find an epidemiological relation between genetically diverse isolates within a hospital when such strains are introduced from various sources, and spread to the different wards. The situation may become more complicated since these strains are highly efficient in conjugal transformation of genetic materials. While the relatedness of isolates from each hospital was established by EcoRI, restriction analysis of plasmids with HindIII could detect minor changes, increasing the sensitivity of the technique.
Analysis of the strains by MEE had previously shown that isolates of E. faecalis in Tehran hospitals were genetically diverse. In the current study we found that isolates grouped in the same electrophoretic types (ETs) had distinct plasmids and vice versa. Using MEE analysis it was shown that 89% of HLGR strains were distributed in different ETs. However, evidence for nosocomial transmission of strains between different hospital wards was found by both MEE and plasmid profiling techniques. These findings have recently been supported by arbitrarily primed (AP)-PCR (Feizabadi, unpublished data) . A particular problem was noted in the transplant ward, as the majority of isolates contained plasmid with identical fingerprints (Fig. 1) . The source of HLGR strain in this ward may have been an outpatient.
Resistance to vancomycin has not yet been detected in E. faecalis in Iran, although the vanA gene has recently been found on plasmids in some E. faecium isolates (Feizabadi, unpublished data) . Since 54.16% of HLGR strains of E. faecalis were also resistant to ciprofloxacin (≤15 mm in zone) and penicillin (MICs ≥ 16 µg/mL), the risk of vancomycin resistance emerging in this species in the future will make treatment of serious infections more difficult to manage.
